Abstract. Aiming at the problems such as defect misstatements, omissions are prone to happen when automatic optical inspection (AOI) system detects Printed Circuit Board (PCB) solder joints. The article puts forward a kind of method based on improved K-nearest neighbor to test and classify the quality of solder joints. Firstly, the original images collected by industrial camera should be pretreated, and solder joints should be positioned by using the method of template matching. Secondly, the features of solder joints should be extracted and selected usefully through the experiments. Finally, the improved K-nearest neighbor algorithm based on effective feature is used to test and classify solder joints. Experiments show that the improved K-nearest neighbor algorithm has higher accuracy and stronger adaptability than neural network algorithm used for classification. What's more, the cost of testing is also reduced effectively. So we can conclude that the improved K-nearest neighbor algorithm is useful for solder joints testing.
Introduction
With the development of PCB assembly technique, the traditional manual visual inspection method is becoming more and more difficult. This method is affected by subjective factors easily, so it often happens to check wrongly or leak detection. At present, there are some common detection classification methods such as AOI system [1] [2] [3] [4] , K-nearest neighbor method [5] [6] [7] [8] , BP neural network algorithm [9, 10] , etc. The common detection algorithms used by AOI inspection system still exist error-prone, and they are always affected by external factors. The accuracy of detection can't meet the requirements, and the process of using is too complicated [11, 12] . By comparison, Knearest neighbor method possessed the full capability of simple method, unsupervised training ability, without prior model, etc. But it also has its own disadvantages, for example, easily affected by the surrounding noise and isolated points in the sample. And the value of K will influence the classification result at the same time.
Aiming at the disadvantages of K-nearest neighbor method, some methods are proposed to improve K-nearest neighbor method. First of all, the samples in the original space are mapped in a high-dimensional kernel space. The purpose is to prominent characteristic differences between the samples in different categories, and make the samples linear separable or approximately linear separable. Then K-nearest neighbor method is used to classify in the kernel space, so the classification error of nonlinear samples was reduced effectively. Experiments indicate that the improved K-nearest neighbor method obtained the better classification effect. 
Algorithm
we can get the conclusion:
x is included in m w .This method is only defined according to the nearest sample. To avoid the accident of one sample, it should find K nearest neighbor samples. Then it is belonged to the kind of the most samples. This method is usually recorded as KNN.
K-nearest neighbor method has perfect theoretical basic, and it is an important kind of classification methods. But the classification effect is poorer when the boundary of the sample is nonlinear.
Improved K-nearest Neighbor Method. To improve K-nearest neighbor algorithm, the unclassified samples in the original space should be mapped to a high-dimensional feature space ) (x  . In this way, the differences between samples stand out. Then use K-nearest neighbor algorithm to classify the samples in high-dimensional space.
(2) Unclassified samples mapped in the high-dimensional space are converted into:
And the distance formula between the samples is:
Next K-nearest neighbor algorithm is used to classify the kinds of the samples in highdimensional space. The results show that the improved K-nearest neighbor algorithm can reduce the error, and get better classification results.
Experiment Based on the Improved K-nearest Neighbor Method
The main types of defective solder joints have more solder, less solder, leakage welding and connection welding, etc, as shown in Fig. 1 ; Solder joint defects exist differences in many aspects such as type, location, shape. So the training samples need to be preprocessed and sample features should be obtained. The features are translated into a high-dimensional space and then the transformed features are trained to form the trainer. This article is in view of the PCB solder joint detection. Because the background of PCB is fixed, template matching method may be used for the position of solder joints.
Then extract the characteristics of the solder joints according to the feature and gray histograms. Finally, obtain the classifier through training the model based on the improved K-nearest neighbor method, the specific process of this experiment is shown as follows. The Location of Solder Joints Based on Template Matching. The location of solder joints is fixed, and the center of the solder joints is closely related to the particular location of PCB. Aiming at the interest region, we can create a template to improve the matching speed. The basic process of solder joint location as follows:
Step1.Firstly, determine the region of interest (ROI). It only needs to make sure the coordinates of top-left and bottom-right points. Using the function of gen_rectangle() will generate a rectangle region. Then the function of area_center() is used to find the center of rectangle region. Finally, the function of reduce_domian () is used to obtain ROI from the image, as shown in the Fig. 3 ;
Step2. Establish a ROI template by using the function of create_shape_model(). It also needs the function of inspect_shape_model() to watch the template created. In addition, the function of get_shape_model_contours () which can obtain the contour outline of the template is used for the following matching, as shown in the Fig. 4 ;
Step3. Open another image to match the template after created. In another word, find the part of template in the new image. It can be finished by using the function of find_shape_model(). It still needs to be transformed to display after finding the template, as shown in the Fig. 5 ; the functions of vector_angle_to_rigid () and affine_trans_contour_xld () are used to calculate a rigid affine transformation. The role of the transformation is to transform the reference images into the current images.
Step4. Make sure the location of every solder joint according to the relationship between each solder joint center and the template center after matching, as shown in Fig. 6 ; 1) The normalized area (A). The area of the solder joint is only related to its boundary, and here use the method of calculating the number of pixels in solder joint (including boundary) to normalize the area. Assuming that set 1 as the length of the square pixel, the formula of solder joint area:
2) The circumference of the solder joint region (C). The region is showed by chain codes, such as the outline of solder joint 0 0 1 n x L L L , the start point coordinate 0 x , the Code word is shown as i L . There is using the method of Euclidean metric, so the formula of C is shown as follows:
3) The hydraulic radius of solder joint (R).
4) The sphericity of solder joint (S). The radius of inscribe circle is shown as i r , and the radius of circumcircle circle is shown as c r . So the formula of S is shown as follows:
5) The moment of solder joint ( i m ). 
If i=2, it would represent the variance of gray value. Feature selection is not the more, the better. It is necessary to select the typical features. Various features have large differences in such as number, unit and so on. So it needs to be normalized:
The normalized feature is shown as Step1. Firstly, the representative samples are selected as the training samples. The features should be extracted and transformed into a high-dimensional feature space. And the distribution of the representative features should be described in the feature space, as shown as Fig. 6; Step2. Then the function of create_class_knn() can be used to generate a classifier based on the improved K-nearest neighbor method. And the function of add_samples_image_class_knn() is used to transform the training samples into the data that the classifier can recognize. The function of train_class_knn () is used to form a taxonomic tree.
Step3.Finally, the functions of classify_image_class_knn() and region_to_mean () are used to detect and classify the testing samples and sign the unqualified samples, as shown as From Fig. 7 , we can see that solder joints are roughly judged by circumference and area. And most of the solder joints can be distinguished by the features of hydraulic radius and sphericity. Mean value can discriminate the types of the solder joints well, but variance only can discriminate a part of solder joints. Two-moment can distinguish the more solder joints better, but it is less accurate to distinguish less and normal solder joints. From Fig. 8 , we see that the improved Knearest neighbor method can accurately detect unqualified solder joints.
The Analysis of Experiment Results
In the article, the improved K-nearest neighbor method is compared with K-nearest neighbor method, AOI system and BP neural net. This experiment aimed at the three types of more solder, normal solder and less solder. There are 90 training solder joints and 209 testing solder joints，as shown as Table 1 . The methods of improved K-nearest neighbor, K-nearest neighbor, AOI system and BP neural net are compared to detect the solder joints, the results are shown in table 2. The improved Knearest neighbor method has stronger adaptability and higher precision rate than K-nearest neighbor method. The improved K-nearest neighbor method not only can decline the rates of mistake and miss, but also avoid falling into local minimum and being inadequate for small samples. Therefore, the improved K-nearest neighbor method has investigative and applicative values in the aspect of solder joint detection. Table 2 The comparison of detection methods
Conclusion
The methods of improved K-nearest neighbor, K-nearest neighbor, AOI system and BP neural net are compared to detect the solder joints, the results are shown in table 1. The improved K-nearest neighbor method has stronger adaptability and higher precision rate than K-nearest neighbor method. The improved K-nearest neighbor method not only can decline the rates of mistake and miss, but also avoid falling into local minimum and being inadequate for small samples. Therefore, the improved K-nearest neighbor method has investigative and applicative values in the aspect of solder joint detection. 
